Introduction
The formulation and derivation of the basic equations of a layer of fluid heated from below in a porous medium, using the Boussinesq approximation, has been given in a treatise by Joseph [1] . A detailed account of thermal stability in a Newtonian fluid layer in the presence of magnetic field has been given by Chandrasekhar [2] . When a fluid permeates through an isotropic and homogeneous porous medium, the gross effect is represented by Darcy's law. The study of a layer of fluid heated from below in porous media is motivated both theoretically and by its practical applications in engineering.
A porous medium is a solid with holes in it, and is characterized by the manner in which the holes are imbedded, how they are interconnected and the description of their location, shape and interconnection. A macroscopic equation describing the incompressible flow of a fluid of viscosity µ through a macroscopically homogeneous and isotropic porous medium of permeability k 1 , is the well-known Darcy equation, in which the usual viscous term in the equations of fluid motion is replaced by resistance term ( )
where q is the filter velocity of the fluid. The stability of flow of a fluid through a porous medium taking into account the Darcy resistance was considered by Lapwood [3] , Wooding [4] and Sunil et al. [5] .
--------------
The problem of thermal instability in fluids in a porous medium is of importance in geophysics, soil sciences, ground water hydrology and astrophysics.
An extensive and updated account of stability in porous media has been given by Nield and Bejan [6] . Sharma and Rana [7] have studied the thermal instability of Walters' (model B') visco-elastic fluid in the presence of a variable gravity field and rotation in porous medium and found that the rotation has a stabilizing effect as gravity increases and a destabilizing effect as gravity decreases. Sharma et al. [8] have considered the thermosolutal instability of Walters' (model B') rotating fluid in porous medium whereas the Rayleigh-Taylor instability of Walters' (model B') visco-elastic fluid through porous medium has been studied by Sharma et al. [9] . In thermal and thermosolutal convection problems, the Boussinesq approximation has been used, which is well justified in the case of incompressible fluids.
When the fluids are compressible, the equations governing the system become more complicated. Spiegel and Veronis [10] assume that the depth of the fluid layer is much smaller than the scale height as defined by them, if only motions of infinitesimal amplitude are considered and simplified the set of equations governing the flow of compressible fluids under the above assumptions. The problem of thermal instability of a compressible fluid in the presence of rotation and magnetic field has been studied by Sharma [11] . Sunil et al. [12] have discussed the problem of a compressible couple stress fluid permeated with suspended particles heated and soluted from below in a porous medium and found that the stable solute gradient and couple stresses have stabilizing effects whereas the suspended particles and medium permeability have destabilizing effect on the system. In a recent study, Kumar et al. [13] have studied the thermal convection in a Walters' (model B') elastico-viscous dusty fluid in hydromagnetics with the effect of compressibility and rotation. Kumar et al. [14] has investigated the thermal instability of Walters' B' viscoelastic fluid permeated with suspended particles in hydromagnetics in porous medium. Sharma and Aggarwal [15] have studied the effect of compressibility and suspended particles on thermal stability in a Walters' (model B') visco-elastic fluid in hydromagnetics and found that compressibility and magnetic field has a stabilizing effect on the thermal stability. Rana and Kango [16] have considered the thermal instability of compressible Walters' (model B') rotating fluid in the presence of suspended particles and porous medium. Gupta and Aggarwal [17] have studied the thermal instability of compressible Walters' fluid in the presence of Hall currents and suspended particles. Kumar [18] have studied the instability streaming Walters' (model B') fluids in porous medium in hydromagnetics. Gupta et al. [19] have seen thermal convection of dusty compressible Rivlin-Ericksen viscoelastic fluid in the presence of Hall currents. Aggarwal and Makhija [20] have studied the combined effect of magnetic field and rotation on thermal stability of couple-stress fluid heated from below in presence of suspended particles. Motivated by the fact that knowledge regarding fluid particle mixture is not commensurate with their industrial and scientific importance of magnetic field, rotation and porous medium in many geophysical and astrophysical situations, we further extended the results reported by Gupta and Aggarwal [17] to include the effect of magnetic field, rotation and porous medium but in the absence of Hall currents for visco-elastic Walters' fluid on thermal stability.
Formulation of the problem
Consider an infinite horizontal layer of compressible, electrically conducting Walters' B' visco-elastic fluid layer of thickness d permeated with suspended particles, bounded by the planes z = 0 and z = d in a porous medium which is heated from below so that, a uniform temperature gradient ( )
The fluid is acted on by a uniform rotation H The equations of motion and continuity for a compressible Walters' B' viscoelastic fluid permeated with suspended particles in the presence of magnetic field and rotation in porous medium are:
.q 0 ∇ =
where , , , q( , , ), q (x, ), (x, ), , and '
ρ ν ν denote fluid pressure, density, temperature, fluid velocity, suspended particles velocity, suspended particles number density, kinematic viscosity and kinematic viscoelasticity, respectively. Here symbol ε is the medium porosity, k 1 -the medium permeability, g(0,0, ) g − -acceleration due to gravity, x ( , , ),
6π ', and ' K µη η = being particle radius, is the Stoke's drag coefficient. Assuming a uniform particle size, a spherical shape and small relative velocities between the fluid and particles, the presence of particles adds an extra force term in the equation of motion (1), proportional to the velocity difference between the particles and the fluid.
Since the force exerted by the fluid on the particles is equal and opposite to that exerted by the particle on the fluid, there must be an extra force term, equal in magnitude but opposite in sign, in the equations of motion for the particles. The effects due to pressure, gravity, Darcy's force and magnetic field on the particles are small and so are ignored. If mN is the mass of particles per unit volume, then the equations of motion and continuity for the particles, under the mentioned assumptions are:
If C v , C pt , T, and q' denote the heat capacity of fluid at constant volume, heat capacity of the particles, temperature and effective thermal conductivity of the pure fluid, respectively. Assuming that the particles and the fluid are in thermal equilibrium, the equation of heat conduction gives:
[ ]
The Maxwell's equations yield:
where η stands for the electrical resistivity The basic motionless solution is:
, constant
where α is the coefficient of thermal expansion and the subscript zero refers to values at the reference level z = 0. The kinematic viscosity ν, kinematic viscoelasticity ν', electrical resistivity η and coefficient of thermal expansion α are all assumed to be constants. Here 
Perturbation equations
Assume small perturbations around the basic solution and let ∂p, ∂ρ, θ, and h(h x , h y , h z ) denote, respectively, the perturbations in fluid pressure p, density ρ, temperature T, and magnetic field H. The change in density ∂ρ caused mainly by the perturbation θ in temperature is given by:
Then the linearized perturbation equations of Walters' B' viscoelastic fluid become:
Writing the scalar components of eq. (11), after elimination of d q with the help of eq. (16), and eliminating u, v, h x , h v , ∂p between them by using eqs. (10), (12) , and (15), we obtain:
where
The z -component of eq. (14) yields:
Equation (13), on substituting for s in terms of w with the help of eq. (16) yields:
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Dispersion relation
Here we analyze the disturbances into normal modes and assume that the perturbation quantities are of the form:
where k x , k v are wave numbers along x-and y-directions, respectively,
] is the resultant wave number of the disturbances, and n is the growth rate. Using eq. (20), eqs. (17)- (19) in non-dimensional form become: Eliminating Θ, K, and Z between eqs. (21)- (25), we obtain:
Here Q = (µ e H 2 d Consider the case in which both the boundaries are free, the medium adjoining the fluid is perfectly conducting and temperatures at the boundaries are kept fixed. The appropriate boundary conditions, for which eqs. 
on a perfectly conducting boundary.
Using the boundary conditions, it can be shown that all even order derivatives of W must vanish for z = 0 and the proper solution of W characterizing the lowest mode is:
where W 0 is a constant. Substituting the proper solution W = W 0 sinπz in eq. (26), we obtain the dispersion relation:
Equation (29) is the required dispersion relation including the effects of compressibility, rotation, magnetic field, suspended particles, and medium permeability. This dispersion relation is identical with that derived by Gupta and Aggarwal [17] in the absence of magnetic field, rotation, and porous medium but in the presence of Hall currents. In the absence of magnetic field, this dispersion relation is identical with that derived by Rana and Kango [16] . Also in the absence of rotation and porous medium, eq. (29) is same as derived by Sharma and Aggarwal [15] whereas in the absence of porous medium, eq. (29) reduces to the one derived by Kumar et al. [13] .
The stationary convection
When the instability sets in as stationary convection, the marginal state will be characterized by σ = 0. Putting σ = 0, the dispersion relation (29) reduces to:
which expresses the modified Rayleigh number R 1 as a function of dimensionless wave number x and the parameters G, H 1 , Q 1 , P, and T A . We thus find that for stationary convection the viscoelastic parameter F vanishes with σ 1 and the visco-elastic Walters' B' fluid behaves like an ordinary Newtonian fluid. In the absence of magnetic field, rotation, and porous medium eq. (30) reduces to:
which is identical with the expression for R 1 derived by Gupta and Aggarwal [17] wherein thermal instability of a compressible Walters' fluid in the presence of Hall currents and suspended particles has been considered. In the absence of magnetic field, the eq. (30) reduces to:
which is identical with the expression for R 1 derived by Rana and Kango [16] wherein thermal instability of a compressible Walters' B' rotating fluid in porous medium is studied in the presence of suspended particles. In the absence of rotation and porous medium, eq. (30) reduces to:
which is same as given by Sharma and Aggarwal [15] . In the absence of porous medium eq. (30) reduces to:
which is identical to the one derived by Kumar et al. [13] . For stationary convection, eq. (30) implies that the compressible Walters' viscoelastic fluid (model B') behaves like an ordinary Newtonian fluid.
To study the effects of suspended particles, magnetic field, rotation, medium permeability, and compressibility, we examine the nature of dR 1 /dH 1 , dR 1 /dQ 1 , dR 1 /dT A , dR 1 /dP, and dR 1 /dG, analytically.
Firstly, to investigate the effect of suspended particles, we examine the nature of dR 1 /dH 1 . Equation (30) yields:
(1 )
The negative sign implies that, for a stationary convection, the suspended particles have destabilizing effect on the system. This is in agreement with the results of fig. 1 , where, Rayleigh number R 1 is plotted against suspended particles parameter, H 1 for different values of wave numbers x (= 2, 4, 6, 8, 10), and H 1 (= 100, 200,…, 600). In this figure the value of H 1 increases with the decrease in Rayleigh number implying that the suspended particles have destabilizing effect on the system. For analyzing the effect of magnetic field, we examine the nature of dR 1 /dQ 1 . Equation (30) yields:
which shows that magnetic field has stabilizing effect in the absence of rotation. In the presence of rotation, magnetic field will have destabilizing effect if: To study the effect of rotation, we examine the nature of dR 1 /dT A . From eq. (30), we obtain:
which reflects the stabilizing effect of rotation parameter on the system. Also in fig. 3 , Rayleigh number is plotted with respect to rotation parameter T A for different values of x (= 2, 4, 6, 8, 10), and T A (= 100, 200,…, 600) where T A increases with the increase in Rayleigh number which implies the stabilizing effect on the system.
For analyzing the effect of permeability, we examine the nature of dR 1 /dP. Equation (30) yields:
It is clear from eq. (34) that, for stationary convection, the medium permeability has destabilizing effect on the system in the absence of rotation. In the presence of rotation, it has stabilizing effect if 
It is further evident from eq. (35) that compressibility always has destabilizing effect on the system. 
Stability of system and oscillatory modes
Multiplying eq. (21) by W*, the complex conjugate of W, integrating over the range of z and using eqs. (22)- (25) together with the boundary conditions (27), we obtain:
where ( ) 1  1  2  2  2  2  2  2  2  2  4  1 
•
The suspended particles have destabilizing effect on the system which is evident from eq. (31), and it is cleared from fig. 1 
